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Red LEDs Must Catch up 
the Blues for Full Colour 
Monolithic Displays 
At the time of writing, the most recent live demonstration of the growing legend of Nichia blue 
emitter devices was at the International Symposium on Blue Laser and Light Emitting Diodes, 
in early March at Chiba University, Japan [1] - see report in our next issue - and further 
demonstrations will be given at other international meetings later this year. Meanwhile, we 
are pleased to feature some of the photos which have recently been released of the blue 
emitting laser diodes together with a commentary on progress from Shuji Nakamura 
himself, the driving force behind these revolutionary devices at Nichia Chemical Industries. 
Shuji Nakamura in the lab at Nichia. 
F 
irstly, we talk about the devel- 
opment and expectations for 
light emitting diodes. It was 
one year ago that the super-bright 
green-emitting LEDs were reported 
in the Japanese Journal of Applied 
Physics [2]. Progress has been rapid 
and devices are now commercially 
available, to quote Dr Nakamura. 
"The remaining research subject of 
III-nitride-based LEDs is red LEDs. 
This is because a monolithic full- 
colour display could be made on a 
substrate directly if the red LEDs 
have been made using III-V nitride 
materials. High brightness blue and 
green LEDs have been achieved using 
an InGaN single-quantum-well-struc- 
ture as an active layer. The brightness 
of these LEDs is almost comparable 
to or higher than that of conventional 
GaAIAs or AlInGaP red LEDs. Also, 
the reliability of these LEDs is almost 
the same as or superior to that of 
conventional LEDs such as GaAIAs 
LEDs". 
I wondered if the presently ac- 
cepted process for the fabrication of 
blue III-nitride-based LEDs can be 
adjusted to enable the fabrication of 
comparable performance longer wa- 
velength emitters so as to bring 
forward the prospect of full-colour 
monolithic displays? "Yes. We have to 
incorporate more indium in the 
InGaN SQW active layer to obtain 
the red emission. The problem at 
present is that the crystal quality of 
the InGaN active layer is degraded 
when the indium content of InGaN 
active layers is increased to obtain 
the red emission. I think that this is 
the remaining research subject of III- 
nitride-based LEDs". 
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Blue lasers wi th  
c leaved facets  
In a recent issue of the Japanese 
Journal of Applied Physics, InGaN 
MQW structure laser diodes with 
cleaved mirror cavity facets are de- 
scribed [3]. As before, the key factor 
in the realization of these devices is 
epitaxial growth. Although precise 
details of the epitaxy procedures 
remain proprietary, the III-nitride 
epilayers were grown by the two- 
recent paper. The remaining problem 
for the sapphire substrate is that it is 
not electrically conductive. Rather, it 
is insulating! 
‘We have, therefore, been using 
many different types of substrate in 
our development of the laser diodes 
and as yet we still have no firm 
conclusions as to which has the 
optimal characteristics”. It was noted 
at recent meetings that providing 
good electrical contact to the laser 
diodes was still a problem, particu- 
larly for the continuous wave (CW) 
operation of the device. Basically, 
these involve an evaporated Ni/Au 
contact to the p-type GaN epilayer 
and Ti/Al contact sputtered onto the 
n-type GaN epilayer. The relative 
success of these materials is evi- 
denced by the fact that at the Nichia 
labs, one device has been run under 
pulsed conditions for 24 hours with- 
out degradation. However, under CW 
operation the voltage is too high and 
the device fails. 
flow MOVPE at atmospheric pressure 
using A-face sapphire substrates [see 
refs. 4,5,6,7]. The A-face sapphire has 
been used before principally by 
Akasaki et al. with crystal quality of 
the GaN film comparable to that 
when (0001) C-face substrates were 
used [8]. 
Substrates are of great importance 
both for epitaxial growth and device 
fabrication and a number of different 
materials and orientations have been 
tried. So far the Nichia work has 
reported only on the sapphire types 
and until now it was deemed techni- 
cally very difficult to provide the 
necessary cleavage of the sapphire. 
Cleaving of the sapphire is required 
for obtaining a mirror facet for laser 
diodes. 
The A-face sapphire was used so 
that the substrate could be cleaved 
along the R-face. As shown in the 
microphotograph in the recent pa- 
per, the cleaved facets of the epi- 
layers and substrate were mirror-like 
and functional for the laser cavity 
mirror. In addition, high-reflection 
facet coatings (60-70%) were em- 
ployed to reduce threshold current. 
“For laser diodes substrates are 
crucially important. Everybody has 
claimed that a sapphire cannot be 
cleaved. However, now we can ob- 
tain a cleaved mirror facet for laser 
diodes using A-face sapphire sub- 
strates as we demonstrate in the 
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The voltage drop 
mainly occurs at the 
electrical contact and 
contact resistance is a 
big problem. At the 
SPIE conference on 
Physics and Simulation 
of Optoelectronic De- 
vices at the Photonics 
West meeting, Dr D.L. 
Barton described some 
of the results he and 
his colleagues at the 
University of New 
Mexico Sandia Labs 
have been testing 
some of the Nichia 
LEDs and these show 
“encouraging results” 
with only one out of 
twenty failing a 20 n-& 
1000 hours stress test. 
“The threshold cur- 
rent density - which 
is around 4 to 10 kA/ 
cm* - is still too high 
for continuous wave 
operation. We have to 
reduce the threshold 
current density using 
some special techni- 
ques. The operating 
voltage is still too high 
The photo shows the streak line of InGaN MQW laser diodes operated under pulsed current at RT.This is a 
rectangular epiwafer before cutting into small chips.There are two electrodes to drive the loser, one for p-type, 
one for n-type contacts.The device lies on a glass plate and smoke is used to facilitate observation of the laser 
emission (there is no lens on this arrangement). 
- twenty to 
thirty volts - for CW operation. We 
have to reduce the voltage below ten 
volts. I suspect that the high voltage 
is caused by low carrier concentra- 
tion of p-type GaN and a high contact 
resistance between p-type electrode 
and p-type GaN.” 
In the recent paper, the light out- 
put power per coated facet is shown 
as a function of pulsed forward 
current. Stimulated emission wasn’t 
seen up to Ith of 1.15 A-Jth of 9.6 kA/ 
cm’. Below threshold, the sponta- 
neous emission occurred with a 
PWHM of 20 nm at peak wavelength 
of 413.6 nm. Above threshold, strong 
stimulated emission showed a sharp 
peak at 4 15.6 nm with 0.05 nm 
PWHM. As shown here, the paper 
further describes the emission char- 
acteristics with photographs of far- 
field patterns taken through a sheet 
of paper in front of the emitting 
device. These show the streak line of 
the emission for a pulsed current 
injection operated device at room 
temperature. 
So, the exemplary work at Nichia 
Labs continues and we look forward 
to news of the next developments. In 
conclusion, we leave the last world to 
Dr Nakamura. “We are progressing 
quite rapidly in our work to achieve 
CW operation of laser diodes. The 
way things look at the moment I 
don’t think that there is a big 
problem for CW operation of III-V 
nitride based laser diodes!” 
Contact: 
Dr S. Nakamura, 
Nichia Chemical Industries Ltd., 
491 Oka, Kaminaka, 
Anan, Tokushima 774, 
Japan. 
Tel: [al] 884 22 2311. 
Fax: 1811884 23 1802. 
E-mail: shuji@ nichia.co.jp 
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